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In the January 2020 issue of The Journal of Pathology, the study by Chen et al [1] eloquently describes a potential mechanism of a therapeutic strategy to treat acute pancreatitis (AP) using a caerulein-induced injury model. Their critical findings provide new insights into damageassociated inflammation, cellular reprogramming called acinar-to-ductal metaplasia (ADM) and organ regeneration ( Figure 1 ). Their data reveal the potential risk of using small molecular inhibitors of the PI3K-Akt axis to treat AP. On the one hand, Akt inhibitors effectively suppress acute inflammation; on the other hand, they impede pancreatic regeneration. Future studies should consider the side-effects while designing and testing new therapies.
The incidence of AP is increasing and generates an increasing share of health costs worldwide. AP is one of the most frequent gastroenterological reasons for emergency admissions to hospital [2] . In critical cases, the mortality rate can range from 5 to 10%, up to even 30%, depending on the degree of disease severity [3] . Briefly, AP arises when the pancreas encounters a sudden and severe form of inflammation, which injures the organ. This condition leads to an inappropriate activation of digestive enzymes derived from pancreatic acinar cells. The auto-digestion triggers a domino effect that further damages the acinar and organ architecture.
Animal models of AP
In human patients, gallstones/biliary sludge and alcohol consumption are the most frequent causes of AP, whereas in animal (mostly rodent) models, AP is induced by various chemical or surgical strategies [4] . The most widely used mechanism is secretagogue hyper-stimulation induced by intraperitoneal injection of caerulein, as used in the study by Chen et al [1] . This model does not require surgery or sophisticated manipulations, making it highly suitable for the investigation of intracellular signaling pathways. Other possible rodent models of AP use duct obstruction and bile acid infusion to mimic gallstone etiology (often lacking disease severity), application of L-arginine (difficult to standardize in mice), special diet (choline-deficient ethioninesupplemented) or injection of specific cytokines or infectious pancreatitis induction (reviewed in [4] ).
axis might protect against inflammatory tissue damage. Mechanistically, this is due to the PI3K-dependent activation of trypsinogen modulating the severity of AP [5] as the triggering point in the early course of disease progression in experimental models. Thus, pharmacological reduction of the preliminary pancreatic enzyme activation via inhibiting the PI3K-Akt signaling axis might diminish or interrupt the severe and self-sustaining tissue damage.
The extent of the systemic inflammatory response (which can also lead to multiorgan failure, including acute lung injury) to AP depends on mediators produced by the damaged acinar cells. This systemic reaction is linked to activation of the transcription factor NF-κB, occurring early in the course of experimental pancreatitis. The canonical NF-κB signaling pathway regulates cytokine production by acinar cells and thus triggers inflammatory cell recruitment [6] . Treatment with a PI3K inhibitor decreases the nuclear translocation of NF-κB in thyroid tissue associated with severe AP [7] . The inhibition also reduces the activation of trypsinogen and cathepsin B in rodent models of pancreatitis (reviewed in [7] ). However, it does not block NF-κB activation in acinar cells directly, but prevents neutrophil infiltration in the pancreas, leading to the speculation that PI3K inhibitors selectively block inflammatory cell function in AP [5] . In line with these findings, novel treatment strategies aim at PI3K inactivation to ameliorate the outcome of AP [7] .
Akt inhibitor: a double-edged sword?
The study presented by Chen et al [1] points to the other side of this treatment coin. Akt promotes G1-S phase cell cycle progression by stabilizing cyclin D1, a downstream canonical effector of the Akt pathway. The authors therefore hypothesize that inactivation of either PI3K or Akt signaling could impair acinar cell proliferation and thus limit pancreatic regeneration. This particular outcome would be a significant negative side-effect of PI3K-Akt inhibitor-mediated therapy in AP.
Morphologically, the time course of AP consists of three phases: acute inflammation, regeneration and refinement [8] . Once the causative factors have been treated or reduced, the exocrine pancreas often fully recovers its structure and function. Proliferation of the different cellular compartments is crucial for the complete regeneration of the pancreas. The effect of a Pan-Akt inhibitor, MK2206, and of induced Akt1 genetic ablation shown by Chen et al [1] indicates a reduction in the Ki67-positive acinar cell population, leading to a delayed pancreatic regeneration and prolonged dedifferentiation after AP.
Additionally, major events of AP are ADM characterized by the formation of tubular complexes and dedifferentiation of acinar cells together with recruitment of inflammatory cells. Moreover, Chen et al [1] successfully show that Akt1, being abundantly expressed in acinar cells and significantly increased in pancreatitis mice, is probably the major isoform responsible for the impaired acinar cell proliferation and associated ADM formation. On the other hand, interstitial cell number remains unaffected following AP, indicating a partial redundancy of Akt isoforms.
The finding of prolonged ADM formation and dedifferentiation might also be relevant to the results reported by Kong et al [8] , that pancreas regeneration 
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RSJ Sarker and K Steiger requires a coordinated proliferation transition between mesenchymal, progenitor-like and acinar cells. Prior to a 'proliferative transition', acinar cells are able to form pancreatic intraepithelial neoplasia (PanIN) -like lesions. However, once the cells undergo a 'proliferative transition', they become highly refractory to the PanIN formation. In this context, a study has shown that in response to an oncogenic signal, PanIN-like lesions occurring in areas of ADM (so-called 'mucinous tubular complexes') can act as a significant precursor of pancreatic ductal adenocarcinoma (PDAC) [9] . In contrast, apart from observing significant ADM lesions, Chen et al [1] did not detect any PanIN or extensive mucinous tubular complex transformation upon MK2206 treatment in caerulein-induced mice pancreata. This further underscores the mandatory requirement of an oncogenic event to induce PanIN or persistent mucinous tubular complex formation in mouse models [10] . Without an oncogenic mutation, pancreatitis-induced ADM is a reversible process (metaplasia) and can differentiate back into acinar cells once inflammation is resolved. The absence of PanIN or PanIN-like lesions weakens the claim by Chen et al [1] that therapy with an Akt inhibitor represents a risk for the development of PDAC. Perhaps, a time point later than hours might also help to answer the question if PDAC precursor lesions could form at all. A follow-up study would be required to answer this open question.
Blocking Akt signaling usually gives rise to a prominent inflammatory influx supporting ADM formation. However, the genetic and drug-mediated models Chen et al [1] used did not trigger any significant additional inflammation, except for a trend in macrophage infiltration. Nevertheless, they observed exacerbated ADM formation. This adds a new finding that ADM formation might not be dependent solely on the degree of inflammatory cell influx, but that there are additional factors contributing to the metaplastic reaction.
Open questions
The study by Chen et al [1] leaves some questions unanswered. First, it would be interesting to know the effect of Akt inhibition on acinar cell death pathways (apoptosis/ necrosis/necroptosis) in AP. Second, in addition to cyclin D, other downstream targets of NF-κB need further investigation to elucidate how Akt fine-tunes NF-κB signaling during acinar cell proliferation and its reprogramming toward ADM. In addition to the initial concern by Chen et al [1] that using Akt inhibitors to downregulate the acute inflammatory phase of AP might also suppress the acinar cell proliferation, the effect of Akt blockade on remote organs also needs to be investigated. For example, one third of patients with a severe course of AP experience an acute lung injury [11] . Therefore, it creates an open question whether Akt inhibitor therapy can also decrease the proliferation of type II pneumocytes, which are indispensable for lung function and regeneration in the course of an AP-induced acute lung injury. Last but not least, the authors highlighted the plausible risks associated with PI3K-Akt pathway inhibitors. In future, therapeutic drugs for AP should be developed that only reduce inflammation but do not suppress acinar cell proliferation. This might be achieved by combining an Akt1 activator after the inflammatory phase to promote pancreatic regeneration. The findings of Chen et al [1] consequently underscore a potential new and fine-tuned therapeutic strategy for AP.
